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(57) ABSTRACT

A display device configured to control an aggregation posi-
tion of an alignment layer and a manufacturing method
thereof are disclosed. The device includes a substrate includ-
ing pixel areas; a thin film transistor formed on the substrate;
a pixel electrode connected to the thin film transistor and
formed on the pixel area; a roof layer formed above the pixel
electrode and separated from the pixel electrode by a micro-
cavity; a first injection hole formed in the roof layer and
extending to a first edge and/or a second edge of the micro-
cavity; a second injection hole formed in the roof layer and
extending to a left edge and a right edge of the micro-cavity;
a liquid crystal layer in the micro-cavity; and an encapsula-
tion layer formed on the roof layer to cover the first injection
hole and the second injection hole.

12 Claims, 11 Drawing Sheets
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FIG.3
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FIG.8
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1
DISPLAY COMPONENT HAVING INJECTION
HOLES ON PERPENDICULAR SURFACES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0064775 filed in the
Korean Intellectual Property Office on Jun. 5,2013, the entire
contents of which are incorporated herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to a display device. More
particularly, the present invention relates to a display device
capable of controlling an aggregation position of an align-
ment layer and a manufacturing method thereof.

(b) Description of the Related Art

Liquid crystal displays are one of the flat panel displays
that are widely used today. Typically, a liquid crystal display
includes two display panels on which electric field generating
electrodes, such as a pixel electrode and a common electrode,
are formed, and a liquid crystal layer disposed therebetween.
The liquid crystal display generates an electric field in the
liquid crystal layer by applying a voltage to the electric field
generating electrode, determines alignment of liquid crystal
molecules of the liquid crystal layer through the generated
electric field, and displays an image by controlling polariza-
tion of incident light.

Two display panels constituting the liquid crystal display
may include a thin film transistor array panel and a cover
display panel. A gate line to transmit a gate signal and a data
line to transmit a data signal may be alternately formed on the
thin film transistor array panel to intersect each other. A thin
film transistor connected to the gate line and the data line, a
pixel electrode connected to the thin film transistor, and the
like, may be formed on the thin film transistor array panel. A
light blocking member, a color filter, a common electrode,
and the like, may be formed on the cover display panel. In
some cases, the light blocking member, the color filter, and
the common electrode may also be formed on the thin film
transistor array panel.

However, liquid crystal displays have room for improve-
ment; for example, their cost of manufacturing is high and
manufacturing process time is long because two substrates
are used and constituent elements are formed on each of the
two substrates. The display could also benefit from being
made lighter, as they are often used in portable devices forend
users.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY

The present invention has been made in an effort to provide
adisplay device that may reduce weight, thickness, costs, and
process time by manufacturing a display device using a single
substrate, and a manufacturing method thereof.

Also, the present invention provides a display device that
may control an aggregation position of an alignment layer and
a manufacturing method thereof.

An exemplary embodiment of the present invention pro-
vides a display device including: a substrate including a plu-
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rality of pixel areas; a thin film transistor formed on the
substrate; a pixel electrode connected to the thin film transis-
tor and formed on the pixel area; a roof layer formed above the
pixel electrode and separated from the pixel electrode by a
micro-cavity disposed between the pixel electrode and the
roof layer; a first injection hole formed on the first surface of
the roof layer and extending to at least a portion of a first edge
and a second edge ofthe micro-cavity; a second injection hole
formed in the roof layer and extending to at least a portion of
aleftedge and a right edge of the micro-cavity; a liquid crystal
layer in the micro-cavity; and an encapsulation layer formed
on the roof layer covering the first injection hole and the
second injection hole and sealing the micro-cavity.

The second injection hole positioned at the left edge of the
micro-cavity may differ from the second injection hole posi-
tioned at the right edge of the micro-cavity in terms of at least
one of shape, size, and number.

The micro-cavity may be one of a plurality of micro-cavi-
ties disposed in a matrix configuration including a plurality of
rows and a plurality of columns. The display device may
further include a first valley disposed between the micro-
cavities positioned in different rows; and a second valley
disposed between the micro-cavities positioned in different
columns.

The first injection hole may be formed on the first valley,
and the second injection hole may be formed on the second
valley.

The rooflayer may include an upper portion configured to
cover the micro-cavity; and a sidewall portion configured to
cover a left or right edge of the micro-cavity.

The upper portion may be formed on the pixel area, and the
sidewall portion may be formed on the second valley.

The display device may further include a support pillar
extending from the roof layer to cover at least a portion of the
first edge or the second edge of the micro-cavity.

The support pillar may reduce the size of the first injection
hole.

The second injection hole may be formed to be positioned
on at least one second valley next to the micro-cavity.

In another aspect, the invention pertains to a roof layer for
holding liquid crystal molecules in a display device, the roof
layer including a plurality of micro-cavities for holding the
liquid crystal molecules. The roof layer has at least one first
injection hole formed on a sidewall portion and at least one
second injection hole formed on an upper portion that is
substantially perpendicular to the sidewall portion. The first
and second injection holes extend to the micro-cavities.

The aforementioned display device and manufacturing
method thereofaccording to an exemplary embodiment of the
present invention have the following effects.

A display device and a manufacturing method thereof
according to exemplary embodiments of the present inven-
tion may reduce a weight, a thickness, costs, and a process
time by manufacturing the display device using a single sub-
strate.

Also, it is possible to control an aggregation position of an
alignment layer by asymmetrically forming second injection
holes on a left edge and a right edge of a micro-cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are top plan views illustrating a display
device according to an exemplary embodiment of the present
invention.

FIG. 3 is a perspective view illustrating a roof layer of a
display device according to an exemplary embodiment of the
present invention.
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FIG. 4 is a top plan view illustrating a single pixel of a
display device according to an exemplary embodiment of the
present invention.

FIG. 5 is a cross-sectional view illustrating a portion of a
display device according to an exemplary embodiment of the
present invention taken along line V-V of FIG. 1.

FIG. 6 is a cross-sectional view illustrating a portion of a
display device according to an exemplary embodiment of the
present invention taken along line VI-VI of FIG. 1.

FIG. 7 is a cross-sectional view illustrating a portion of a
display device according to an exemplary embodiment of the
present invention taken along line VII-VII of FIG. 1.

FIG. 8 is a perspective view illustrating a roof layer of a
display device according to an exemplary embodiment of the
present invention.

FIG. 9 is a top plan view illustrating a display device
according to an exemplary embodiment of the present inven-
tion.

FIG. 10 is a perspective view illustrating a roof layer of a
display device according to an exemplary embodiment of the
present invention.

FIG. 11 is a cross-sectional view illustrating a portion of a
display device according to an exemplary embodiment of the
present invention taken along line XI-XI of FIG. 9.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

Initially, a display device according to an exemplary
embodiment of the present invention will be schematically
described with reference to the accompanying drawings.

FIGS. 1 and 2 are top plan views illustrating a display
device according to an exemplary embodiment of the present
invention. For convenience, only a portion of constituent
elements are illustrated in FIGS. 1 and 2. FIG. 1 illustrates
positions of a first injection hole and a second injection hole
based on a plurality of pixel areas, and

FIG. 2 illustrates positions of the first injection hole and the
second injection hole based on a plurality of micro-cavities.
FIG. 3 is a perspective view illustrating a roof layer of a
display device according to an exemplary embodiment of the
present invention.

A display device according to an exemplary embodiment
of the present invention includes a substrate 110 made of a
material such as glass or plastic, and a roof layer 360 formed
on the substrate 110.

The substrate 110 includes a plurality of pixel areas PX.
The plurality of pixel areas PX is disposed in a matrix con-
figuration including a plurality of pixel rows and a plurality of
pixel columns. Each pixel area PX may include a first sub-
pixel area PXa and a second sub-pixel area PXb. The first
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sub-pixel area PXa and the second sub-pixel area PXb may be
disposed in different rows, although this is not a limitation of
the disclosure.

Although not explicitly shown in the figures, there are a
plurality of first valleys V1 and second valleys V2. A first
valley V1 extends between two rows of sub-pixel areas, and a
second valley V2 extends between two columns of pixel areas
PX. The first valley V1 may also extend between neighboring
pixel areas PX.

The rooflayer 360 is formed separately from the substrate
110 and disposed in the plurality of pixel areas PX. A micro-
cavity 305 is formed below the roof layer 360. In one embodi-
ment, a plurality of micro-cavities 305 are disposed in a
matrix configuration including a plurality of rows and a plu-
rality of columns. The first valley V1 extends between the
micro-cavities 305 positioned in different rows, and the sec-
ond valley V2 is positioned between the micro-cavities 305
positioned in different columns.

The roof layer 360 includes an upper portion 362 config-
ured to cover a top surface of the micro-cavity 305 and a
sidewall portion 364 configured to cover a side surface of the
micro-cavity 305. The upper portion 362 of the roof layer 360
is formed on the pixel area PX, and the sidewall portion 364
is formed on the second valley V2. The upper portion 362 of
the roof layer 360 is formed to be separate from the substrate
110 and connected to the substrate 110 by the sidewall portion
364. Accordingly, a single micro-cavity 305 is covered by the
roof layer 360 that extends over the first sub-pixel area PXa
and the second sub-pixel area PXb. For example, a single
micro-cavity 305 is formed over the second sub-pixel area
PXb of a first pixel row and the first sub-pixel area PXa of a
second pixel row. However, the inventive concept is not lim-
ited thereto and a single micro-cavity 305 may also be formed
on a single sub-pixel area PXa.

A first injection hole 307 is formed in the roof layer 360 to
expose at least a portion of a first edge and a second edge of
the micro-cavity 305. The first injection hole 307 is formed by
removing a portion of the roof layer 360 that is positioned in
the first valley V1. At least one first injection hole 307 is
formed on a single micro-cavity 305. For example, the first
injection hole 307 may be formed on the first edge of the
micro-cavity 305, the first injection hole 307 may be formed
on the second edge of the micro-cavity 305, and the first
injection hole 307 may be formed on both of the first edge and
the second edge.

Also, second injection holes 308 and 309 are formed in the
rooflayer 360 to expose at least a portion of a left edge and a
right edge of the micro-cavity 305. The second injection holes
308 and 309 are formed by removing at least a portion of the
rooflayer 360 positioned in the second valley V2. Atleast one
second injection hole, for example, the second injection holes
308 and 309 are formed next to a micro-cavity 305, some-
times between neighboring micro-cavities 305. For example,
the second injection hole 308 may be formed next to the left
edge of the micro-cavity 305, and the second injection hole
309 may be formed next to the right edge of the same micro-
cavity 305. Here, a plurality of second injection holes 308
may be formed next to the left edge of the micro-cavity 305,
and a plurality of second injection holes 309 may be formed
next to the right edge of the micro-cavity 305. That s, the roof
layer 360 may include a plurality of sidewall portions 364
formed at predetermined intervals, and the second injection
holes 308 and 309 may be formed between the plurality of
sidewall portions 364. As shown by the open edge of the
segment of the roof layer 360 in FIG. 3, the sidewall portion
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364 and the second injection hole 308/309 are formed in an
alternating manner in the direction in which the second valley
V2 extends.

The second injection hole 308 positioned next the left edge
of'the micro-cavity 305 differs from the second injection hole
309 positioned next the right edge of the micro-cavity 305 in
terms of at least one of shape, size, and number.

For example, as illustrated in FIGS. 1 to 3, the second
injection hole 308 positioned next to the left edge of the
micro-cavity 305 positioned in the second pixel column is
larger than the second injection hole 309 positioned next to
the right edge of the micro-cavity 305. However, there is a
fewer number of the second injection holes 308 than the
second injection holes 309 next to a micro-cavity 305. In
some embodiments, it is possible to form the second injection
hole 309 positioned near the right edge of the micro-cavity
305 to be larger and in fewer number than the second injection
hole 308 positioned next to the left edge of the micro-cavity
305. Also, although the second injection holes 308 and 309
positioned between columns of the micro-cavity 305 are
shown to be rectangularly shaped, this is not a limitation of
the inventive concept and other shapes may be used.

Hereinafter, a display device according to an exemplary
embodiment of the inventive disclosure will be further
described with reference to FIGS. 1 through 7.

FIG. 4 is a top plan view illustrating a single pixel of a
display device according to an exemplary embodiment of the
present invention, FIG. 5 is a cross-sectional view illustrating
a portion of a display device according to an exemplary
embodiment of the present invention taken along line V-V of
FIG. 1, FIG. 6 is a cross-sectional view illustrating a portion
of'a display device according to an exemplary embodiment of
the present invention taken along line VI-VI of FIG. 1, and
FIG. 7 is a cross-sectional view illustrating a portion of a
display device according to an exemplary embodiment of the
present invention taken along line VII-VII of FIG. 1.

Referring to FIGS. 1 to 7, a plurality of gate conductors
including a plurality of gate lines 121, a plurality of step-
down gate lines 123, and a plurality of storage electrode lines
131 are formed on the substrate 110.

The gate line 121 and the step-down gate line 123 generally
extend in a horizontal direction and transfer a gate signal
(“horizontal” being with respect to FIG. 4). The gate conduc-
tor further includes a first gate electrode 124h and a second
gate electrode 1241 that protrude upward and downward from
the gate line 121 (“upward” and “downward” being with
respect to FIG. 4), and a third gate electrode 124c¢ that pro-
trudes upward from the step-down gate line 123. The first gate
electrode 124/ and the second gate electrode 124/ are con-
nected to each other to form what is herein referred to as a
single “protruding portion.” The particular shapes and posi-
tions of the first, the second, and the third gate electrodes
1244, 124/, and 124c that are depicted are not limitations of
the inventive concept.

The storage electrode line 131 generally extends in a hori-
zontal direction and transfers predetermined voltage such as
common voltage Vcom. The storage electrode line 131
includes a storage electrode 129 that protrudes upward and
downward from the storage electrode line 131, a pair of
vertical portions 134 that extends downward to be substan-
tially vertical to the gate line 131, and a horizontal portion 127
that connects ends of a pair of vertical portions 134 to each
other. The horizontal portion 127 includes a capacity elec-
trode 137 that extends downward.

A gate insulating layer 140 is formed on the gate conduc-
tors 121, 123, 1245, 124/, 124¢, and 131. The gate insulating
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layer 140 may be made of an inorganic insulating material
such as silicon nitride (SiNx), silicon oxide (SiOx), and the
like.

Also, the gate insulating layer 140 may include a single
layer or multiple layers.

A first semiconductor 154/, a second semiconductor 154/,
and a third semiconductor 154¢ are formed on the gate insu-
lating layer 140. The first semiconductor 154/~ may be dis-
posed on the first gate electrode 124/, the second semicon-
ductor 154/ may be disposed on the second gate electrode
124/, and the third semiconductor 154¢ may be disposed on
the third gate electrode 124¢. The first semiconductor 154/
and the second semiconductor 154/ may be connected to each
other, and the second semiconductor 154/ and the third semi-
conductor 154¢ may be connected to each other. Also, the first
semiconductor 154/ may be extended up to below a data line
171. The first to the third semiconductors 154/, 154/, and
154¢ may be made of amorphous silicon, polycrystalline
silicon, metal oxide, and the like.

An ohmic contact (not shown) may be further formed on
each of the first to the third semiconductors 1544, 154/, and
154¢. The ohmic contact may be made of a material such as
silicide or n+ hydrogenated amorphous silicon in which
n-type impurity is doped at a high concentration.

A data conductor including the data line 171, a first source
electrode 1734, a second source electrode 173/, a third source
electrode 173c¢, a first drain electrode 175/, a second drain
electrode 175/, and a third drain electrode 175¢ is formed on
the first to the third semiconductors 1544, 154/, and 154c¢.

The data line 171 transfers a data signal, and generally
extends in a vertical direction to intersect the gate line 121 and
the step-down gate line 123. Each data line 171 includes the
first source electrode 173/ and the second source electrode
173/ that extend toward the first gate electrode 124/ and the
second gate electrode 124/ and are connected to each other.

Each of the first drain electrode 175/, the second drain
electrode 175/, and the third drain electrode 175¢ includes
one wide end portion and the other bar-shaped end portion.
Bar-shaped end portions of'the first drain electrode 175/ and
the second drain electrode 175/ are partially surrounded by
the first source electrode 173/ and the second source elec-
trode 173/. The wide end of the second drain electrode 175/
extends to thereby constitute the third source electrode 173¢
that is bent in a U shape. A wide end portion 177¢ of the third
drain electrode 175¢ overlaps the capacitance electrode 137
to thereby constitute a step-down capacitor Cstd, and a bar-
shaped end portion thereofis partially surrounded by the third
source electrode 173c¢.

The first gate electrode 1244, the first source electrode
173/, and the first drain electrode 1754 form a first thin film
transistor Qh together with the first semiconductor 154/, the
second gate electrode 124/, the second source electrode 173/,
and the second drain electrode 175/ form a second thin film
transistor QI together with the second semiconductor 154/,
and the third gate electrode 124c, the third source electrode
173c¢, and the third drain electrode 175¢ form a third thin film
transistor Qc together with the third semiconductor 154c¢.

The first semiconductor 1544, the second semiconductor
154/, and the third semiconductor 154¢ are connected to each
other to thereby be provided in a linear shape, and may have
a planar shape substantially identical to the data conductors
171, 173k, 1731, 173¢, 175h, 175/, and 175¢, and ohmic
contacts disposed therebelow, in an area excluding a channel
area between the source electrodes 1734, 173/, and 173¢ and
the drain electrodes 175k, 175/, and 175c¢.

The first semiconductor 154/ includes an exposed portion
that is not covered by the first source electrode 173/ and the
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first drain electrode 175/ between the first source electrode
173 and the first drain electrode 175/. The second semicon-
ductor 154/ includes an exposed portion that is not covered by
the second source electrode 173/ and the second drain elec-
trode 175/ between the second source electrode 173/ and the
second drain electrode 175/. The third semiconductor 154¢
includes an exposed portion that is not covered by the third
source electrode 173¢ and the third drain electrode 175¢
between the third source electrode 173¢ and the third drain
electrode 175c¢.

A passivation layer 180 is formed on the data conductors
171, 173k, 1731, 173¢, 175k, 1751, and 175¢ and the semi-
conductors 154/, 154/, and 154 ¢ that are exposed between the
source electrodes 1734, 173/, and 173¢, and the drain elec-
trodes 175k, 175/, and 175¢, respectively. The passivation
layer 180 may be made of an organic insulating material or an
inorganic insulating material, and may be formed as a single
layer or a multilayer.

A color filter 230 is formed within each pixel area PX on
the passivation layer 180.

As mentioned above, each pixel area PX may include the
first sub-pixel area PXa and the second sub-pixel area PXb.
The first sub-pixel area PXa and the second sub-pixel area
PXb may be disposed up and down. The first valley V1 is
formed between the first sub-pixel area PXa and the second
sub-pixel area PXb along a pixel row direction, and the sec-
ond valley V2 is formed between a plurality of pixel columns.

The color filter 230 is formed on the first sub-pixel area
PXa and the second sub-pixel area PXa. Here, the color filter
230 may not be formed on the pixel area PX positioned on one
edge of each pixel column.

Each color filter 230 may display one of primary colors
such as three primary colors including red, green and blue.
The color filter 230 is not limited to three primary colors such
as red, green and blue, and may also display cyan, magenta,
yellow, white-based color, and the like. Although not illus-
trated, the color filter 230 may also extend in a column direc-
tion between the neighboring data lines 171.

A light blocking member 220 is formed in an area between
the neighboring color filters 230. The light blocking member
220 may be formed between the first sub-pixel area PXa and
the second sub-pixel area PXb to thereby prevent light leak-
age. Further, and The light blocking member 220 may be
formed on the thin film transistor. The light blocking member
220 vertically extends along the gate line 121 and the step-
down gate line 123, and includes a horizontal light blocking
member 220a configured to cover an area in which the first
thin film transistor Qh, the second thin film transistor Ql, and
the third thin film transistor Qc are disposed, and a horizontal
light blocking member 2205 extending along the data line
17/. That is, the horizontal light blocking member 220a may
be formed on the first valley V1, and the horizontal light
blocking member 2205 may be formed on the second valley
V2. The color filter 230 and the light blocking member 220
may overlap each other in some areas.

A first insulating layer 240 may be further formed on the
color filter 230 and the light blocking member 220. The first
insulating layer 240 may be made of an inorganic insulating
material such as silicon nitride (SiNx), silicon oxide (SiOx),
and the like. The first insulating layer 240 functions to protect
the color filter 230 made of an organic material and the light
blocking member 220, and may also be omitted.

A plurality of first contact holes 185/ and a plurality of
second contact holes 185/ configured to respectively expose
the wide end portion of the first drain electrode 175/ and the
wide end portion of the second drain electrode 175/ are
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formed on the first insulating layer 240, the light blocking
member 220, and the passivation layer 180.

A pixel electrode 191 is formed on the first insulating layer
240. The pixel electrode 191 may be made of a transparent
metal material such as indium-tin oxide (ITO), indium-zinc
oxide (IZO), and the like.

The pixel electrode 191 includes a first sub-pixel electrode
191/ and a second sub-pixel electrode 191/ that are separate
from each other based on the gate line 121 and the step-down
gate line 123 to thereby be disposed on and below the pixel
area PX based on the gate line 121 and the step-down gate line
123 and to neighbor each other in a column direction. That is,
the first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ are separate from each other based on the first
valley V1, the first sub-pixel electrode 191% is positioned in
the first sub-pixel area PXa, and the second sub-pixel elec-
trode 191/ is positioned in the second sub-pixel area PXb.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ are connected to the first drain electrode 175k
and the second drain electrode 175/ through the first contact
hole 185/ and the second contact hole 185/, respectively.
Accordingly, when the first thin film transistor Qh and the
second thin film transistor Ql are in an on state, data voltage
is applied from the first drain electrode 175/ and the second
drain electrode 1751.

Each of the first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/ is provided in a rectangular shape.
Each of the first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/ includes a cross-type stem portion
including horizontal stem portions 193/ and 193/, and verti-
cal stem portions 192/ and 192/ configured to intersect the
horizontal stem portions 193/ and 193/. Also, each of the first
sub-pixel electrode 191/ and the second sub-pixel electrode
191/ includes a plurality of minute branch portions 194/ and
194/, and protruding portions 197/~ and 197/ that protrude
downward or upward from an edge of a sub-pixel electrode,
for example, the first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/.

The pixel electrode 191 is divided into four sub-areas by
the horizontal stem portions 193/ and 193/, and the vertical
stem portions 192/ and 192/. The minute branches 194/ and
194/ extend obliquely from the horizontal stem portions 193/
and 193/ and the vertical stem portions 192/ and 192/. The
extension direction may constitute an angle of about 45
degrees or 135 degrees with the gate line 121 or the horizontal
stem portions 193/ and 193/. Also, directions in which the
minute branch portions 194/ and 194/ of two neighboring
sub-areas extend may be orthogonal to each other.

In the present exemplary embodiment, the first sub-pixel
electrode 191/ further includes an outer stem portion 1974
configured to surround the minute branch portions 192/,
1934, and 194/. The second sub-pixel electrode 191/ further
includes horizontally-extending portions that are disposed at
an upper end and a lower end of the second sub-pixel elec-
trode 191/, and left and right vertical portions 198 that are
positioned on the left and the right of the first sub-pixel
electrode 1914. The left and right horizontal portions 198
may prevent capacitive combination, that is, coupling
between the data line 171 and the first sub-pixel electrode
191%.

The aforementioned structure of the thin film transistor and
shape of the pixel electrode are provided as an example and
thus, the present invention is not limited thereto and various
modifications may be made.

A common electrode 270 is formed on the pixel electrode
191 to be separate from the pixel electrode 191 by a prede-
termined distance. The micro-cavity 305 is formed between
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the pixel electrode 191 and the common electrode 270. That
is, the micro-cavity 305 is enclosed, at least in part, by the
pixel electrode 191 and the common electrode 270. The
dimensions and size of the micro-cavity 305 may be modified
according to a resolution of a display device. In some embodi-
ments, the common electrode 270 may be formed on an
insulating layer disposed between the pixel electrode 191 and
the common electrode 270. In such embodiments, the micro-
cavity 305 is not formed between the pixel electrode 191 and
the common electrode 270, as the micro-cavity 305 would be
formed on the common electrode 270.

The common electrode 270 may be made of a transparent
metal material such as indium-tin oxide (ITO), indium-zinc
oxide (IZO), and the like. Constant voltage may be applied to
the common electrode 270, and an electric field may be
formed between the pixel electrode 191 and the common
electrode 270.

A liquid crystal layer including liquid crystal molecules
310 is formed in the micro-cavity 305 disposed between the
pixel electrode 191 and the common electrode 270. The liquid
crystal molecules 310 have a negative dielectric anisotropy,
and may stand in a direction vertical to the substrate 110 in the
absence of electric field. That is, a vertical alignment may be
performed.

A first alignment layer 11 is formed on the pixel electrode
191. The first alignment layer 11 may be formed even on the
first insulating layer 240 that is not covered by the pixel
electrode 191.

A second alignment layer 21 is formed below the common
electrode 270 to face the first alignment layer 11.

The first alignment layer 11 and the second alignment layer
21 may include a vertical alignment layer, and may be made
of'a material such as polyamic acid, polysiloxane, polyimide,
and the like. The first and the second alignment layers 11 and
21 may be connected to each other at the edge of the pixel area
PX.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ to which the data voltage is applied generate an
electric field together with the common electrode 270 to
thereby determine a direction of liquid crystal molecule 310
positioned within the micro-cavity 305. Luminance of light
passing through the liquid crystal layer varies based on the
direction of liquid crystal molecules 310 determined as
above.

A second insulating layer 350 may be further formed on the
common electrode 270. The second insulating layer 350 may
be made of an inorganic insulating material such as silicon
nitride (SiNx), silicon oxide (SiOx), and the like, and may
also be omitted in some cases.

The rooflayer 360 is formed on the second insulating layer
350. The rooflayer 360 may be made of an organic material.
The micro-cavity 305 may be formed below the roof layer
360, and a shape of the micro-cavity 305 may be maintained
by the roof layer 360. The roof layer 360 is formed to be
separated from the pixel electrode 191 at least by the micro-
cavity 305 disposed between the pixel electrode 191 and the
roof layer 360.

As described above, the roof layer 360 includes the upper
portion 362 configured to cover the top surface of the micro-
cavity 305 and the sidewall portion 364 configured to cover
the side surface of the micro-cavity 305. The upper portion
362 of the roof layer 360 is formed on the pixel area PX, and
the sidewall portion 364 is formed on the second valley V2.

The first injection hole 307 is formed on the roof'layer 360
to expose at least a portion of the first edge and the second
edge of the micro-cavity 305. The second injection holes 308
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and 309 are formed on the roof layer 360 to expose at least a
portion of the space between neighboring micro-cavities 305.

The second injection hole 308 positioned next to the left
edge of the micro-cavity 305 differs from the second injection
hole 309 positioned next the right edge of the micro-cavity
305 in terms of at least one of shape, size, and number.

The first injection hole 307 and the second injection hole
308, 309 extend through the rooflayer 360 to the micro-cavity
305. Thus, the first and second injection holes 307, 308, 309
allow material, such as an aligning agent and/or a liquid
crystal material to be injected into the micro-cavity 305
through the first injection hole 307 or the second injection
hole 308, 309. As is well known, an aligning agent for liquid
crystal molecules often includes solids suspended in a liquid
medium. During a drying process of the aligning agent, solids
may be concentrated in one portion instead of being uni-
formly distributed, undesirably causing an aggregation phe-
nomenon of the alignment layer.

In a display device according to an exemplary embodiment
of the present invention, the second injection hole 308 posi-
tioned next to the left edge of the micro-cavity 305 differs
from the second injection hole 309 positioned next to the right
edge of the micro-cavity 305 in terms of at least one of shape,
size, and number. Accordingly, capillary forces acting in the
second injection holes 308 differ from the capillary forces
experienced by the second injection holes 309. For example,
where the second injection hole 309 is smaller than the second
injection hole 309, a stronger capillary force will be experi-
enced by in the second injection hole 309. Accordingly,
aggregation of solids in the alignment layer occurs around the
second injection hole 309 positioned next to the right edge of
the micro-cavity 305. That is, by making the second injection
holes 308 and 309 asymmetric, with respect to the micro-
cavity 305, it is possible to control the aggregation position of
the alignment layer.

A third insulating layer 370 may be further formed on the
rooflayer 360. The third insulating layer 370 may be made of
an inorganic insulating material such as silicon nitride
(SiNx), silicon oxide (SiOx), and the like. The third insulating
layer 370 may be formed to cover the top surface and the side
surface of the roof layer 360. The third insulating layer 370
serves to protect the roof layer 360 made of an organic mate-
rial, and may be omitted depending on a necessity.

An encapsulation layer 390 may be formed on the third
insulating layer 370. The encapsulation layer 390 is formed
so as to cover the first injection hole 307 and the second
injection hole 309 to externally expose a portion of the micro-
cavity 305. That is, the encapsulation layer 390 may seal the
micro-cavity 305 to prevent the liquid crystal molecules 310
formed within the micro-cavity 305 from leaking out. The
encapsulation layer 390 contacts the liquid crystal molecules
310 and thus, may be made of a material that does not react
with the liquid crystal molecules 310. For example, the
encapsulation layer 390 may be made of parylene.

The encapsulation layer 390 may include a multilayer
structure such as a double-layer and a triple-layer structure. A
double-layer structure includes two layers that are made of
different materials. A triple-layer structure includes three lay-
ers where materials in adjacent layers differ from each other.
For example, the encapsulation layer 390 may include a layer
made of an organic insulating material and a layer made of an
inorganic insulating material.

Although not illustrated, at least one polarizer may be
formed on upper and/or lower surfaces of the display device.
The polarizer may include a first polarizer and a second
polarizer. The first polarizer may be attached on the lower



US 9,323,110 B2

11

surface of the substrate 110, and the second polarizer may be
attached on the encapsulation layer 390.

Hereinafter, a display device according to an exemplary
embodiment of the present invention will be described with
reference to FIG. 8.

The display device according to an exemplary embodiment
of the present invention, illustrated in FIG. 8, is significantly
similar to the display device according to an exemplary
embodiment illustrated in FIG. 7. Accordingly, hereinafter,
any redundant description will be omitted and differences
between embodiments will be highlighted. A difference
between the embodiments of FIG. 7 and FIG. 8 lies in that a
support pillar is added to reduce an area of a first injection
hole, and will be further described in detail below.

FIG. 8 is a perspective view illustrating a roof layer of a
display device according to an exemplary embodiment of the
present invention.

Referring to FIG. 8, in the display device according to an
exemplary embodiment of the present invention, a thin film
transistor and the pixel electrode 191 connected thereto are
formed on the substrate 110. The rooflayer 360 is formed on
the pixel electrode 191 to be separate therefrom based on the
micro-cavity 305 disposed between the roof layer 360 and the
pixel electrode 191. The first injection hole 307 configured to
expose at least a portion of the first edge and the second edge
of the micro-cavity 305 and the second injection holes 308
and 309 configured to expose at least a portion of the left edge
and the right edge of the micro-cavity 305 are formed on the
roof layer 360. The liquid crystal layer including the liquid
crystal molecules 310 is formed within the micro-cavity 305,
and the encapsulation layer 390 is formed on the roof layer
360 to seal the micro-cavity 305.

The display device according to an exemplary embodiment
of the present invention further includes a support pillar 368
extending from the rooflayer 360 to cover at least a portion of
the first edge or the second edge of the micro-cavity 305. The
support pillar 368 extends from the upper portion 362 and the
sidewall portion 364 of the roof layer 360, and is made of the
same material. By forming the support pillar 368, it is pos-
sible to reduce an area of the first injection hole 307. Accord-
ingly, it is possible to increase a capillary force acting in the
first injection hole 307.

Here, by forming the support pillar 368 on only one of the
first edge and the second edge of the micro-cavity 305, it is
possible to induce different capillary forces to act in the first
injection holes 307 positioned on the first edge from capillary
forces at the second edge of the micro-cavity 305.

Hereinafter, a display device according to an exemplary
embodiment of the present invention will be described with
reference to FIGS. 9 through 11.

The display device according to an exemplary embodiment
of the present invention, illustrated in FIGS. 9 through 11, is
significantly similar to the display device according to an
exemplary embodiment of the present invention, illustrated in
FIGS. 1 through 7. Accordingly, any redundant description
will be omitted and differences between embodiments will be
highlighted. A difference with the aforementioned exemplary
embodiments lies in that a second injection hole is formed
only next to one edge of a micro-cavity, as will be described
below.

FIG. 9 is a top plan view illustrating a display device
according to an exemplary embodiment of the present inven-
tion, FIG. 10 is a perspective view illustrating a roof layer of
a display device according to an exemplary embodiment of
the present invention, and FIG. 11 is a cross-sectional view
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illustrating a portion of a display device according to an
exemplary embodiment of the present invention taken along
line XI-XI of FIG. 9.

Although the second injection holes positioned near the
left edge and the right edge of the micro-cavity are asym-
metrically formed in the aforementioned exemplary embodi-
ments, the second injection hole 308 is formed near just one
of'the left edge and the right edge of the micro-cavity 305 in
the present exemplary embodiment. For example, the second
injection hole 308 is formed only next to the left edge of the
micro-cavity 305, and no injection hole is formed next to the
right edge of the micro-cavity 305.

In the present exemplary embodiment, by forming the sec-
ond injection hole 308 on only one side of the micro-cavity
305, an aggregation phenomenon of the alignment layer
occurs on that of the micro-cavity 305 (on the side next to
which the second injection hole 308 is formed). That is, by
forming the second injection hole 308 on only one edge of the
left edge and the right edge of the micro-cavity 305, it is
possible to control an aggregation position of the alignment
layer.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.
<Description of Symbols>

11: first alignment layer 21: second alignment layer
110: substrate 121: gate line

123: step-down gate line 124h: the first gate electrode

1241: second gate electrode 124c: third gate electrode

131: storage electrode line 140: gate insulating layer
154h: first semiconductor 1541: second semiconductor
154¢: third semiconductor 171: data line

173h: first source electrode 1731: second source electrode
173c: third source electrode 175a: first drain electrode
1751: second drain electrode 175¢: third drain electrode
180: passivation layer 191: pixel electrode

191h: first sub-pixel electrode 1911: second sub-pixel electrode

220: light blocking member 230: color filter

240: first insulating layer 270: common electrode

300: sacrificial layer 305: micro-cavity

307: first injection hole 308, 309: second injection hole
310: liquid crystal molecule 350: second insulating layer
360: roof layer 362: upper portion of roof layer

364:
390:

sidewall portion of roof layer
encapsulation layer

370: third insulating layer

What is claimed is:

1. A display device comprising:

a substrate including a plurality of pixel areas;

a thin film transistor disposed on the substrate;

a pixel electrode connected to the thin film transistor and
disposed on the pixel area;

a roof layer disposed above the pixel electrode and sepa-
rated from the pixel electrode by a micro-cavity dis-
posed between the pixel electrode and the roof layer;

a first injection hole disposed on a first surface of the roof
layer and extending to at least a portion of a first edge or
a second edge of the micro-cavity, the first edge being
opposite to the second edge;

a second injection hole disposed on a second surface of the
rooflayer and extending to at least a portion of a left edge
or a right edge of the micro-cavity, the left edge being
opposite to the right edge, the left edge connecting one
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ends of the first edge and the second edge, and the right
edge connecting the other ends of the first edge and the
second edge;

a liquid crystal layer in the micro-cavity; and

an encapsulation layer disposed on the roof layer covering
the first injection hole and the second injection hole and
sealing the micro-cavity.

2. The display device of claim 1, wherein

the second injection hole positioned at the left edge of the
micro-cavity differs from the second injection hole posi-
tioned at the right edge of the micro-cavity in terms of at
least one of shape, size, and number.

3. The display device of claim 2, wherein

the micro-cavity is one of a plurality of micro-cavities
disposed in a matrix configuration including a plurality
of rows and a plurality of columns, the display device
further comprising:

a first valley disposed between the micro-cavities posi-
tioned in different rows; and

a second valley disposed between the micro-cavities posi-
tioned in different columns.

4. The display device of claim 3, wherein

the first injection hole is disposed on the first valley, and

the second injection hole is disposed on the second valley.

5. The display device of claim 3, wherein

the roof layer comprises:

an upper portion configured to cover the micro-cavity; and

a sidewall portion configured to cover a left or right edge of
the micro-cavity.
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6. The display device of claim 5, wherein

the upper portion is disposed on the pixel area, and

the sidewall portion is disposed on the second valley.

7. The display device of claim 1, further comprising:

a support pillar extending from the roof layer to cover at
least a portion of the first edge or the second edge of the
micro-cavity.

8. The display device of claim 7, wherein the support pillar

reduces the size of the first injection hole.

9. The display device of claim 5, wherein

the second injection hole is disposed to be positioned on at
least one second valley next to the micro-cavity.

10. A roof layer for holding liquid crystal molecules in a
display device, the roof layer covering a plurality of micro-
cavities for holding the liquid crystal molecules, wherein the
roof layer has a sidewall portion and an upper portion that is
substantially perpendicular to the sidewall portion, wherein
the side wall portion and the upper portion have a first injec-
tion hole and a second injection hole extending to the micro-
cavities, respectively.

11. The rooflayer of claim 10, wherein the second injection
hole is one of a plurality of second injection holes that are
disposed asymmetrically with respect to at least one of the
micro-cavities.

12. The rooflayer of claim 10, wherein the second injection
hole extends to a plurality of micro-cavities.
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